The present study was performed to provide computed tomographic (CT) reference values for 23 structures in the thorax of 26 clinically normal Saanen goats. Animals were anesthetized, 24 positioned in sternal recumbency and transverse images with a reconstructed 1.5 mm slice 25 thickness were obtained by use of a 40-slice CT scanner. Absolute and relative measurements of 26 the trachea, heart, cranial vena cava, thoracic aorta, caudal vena cava, right and left principal 27 bronchus, right and left caudal lobar bronchus and the concomitant branch of the right and left 28 pulmonary artery and vein, large caudal mediastinal lymph node and lung density were 29 performed with dedicated software. Minimal to moderate interstitial or bronchopneumonia was 30 incidentally found on CT in 24 animals. In conclusion, CT images obtained in this study can be 31 used as a reference for the evaluation of thoracic diseases in goats. 32 33 34
Introduction 38
Computed tomography (CT) is a highly reliable, noninvasive technique for the evaluation of 39 thoracic structures and is considered the gold standard to evaluate lung diseases in humans 40 (Collins, 2001 ). Although CT examinations are rather expensive, the technology has become 41 increasingly available in veterinary medicine. Due to short examination times with multi-slice 42 CT, thoracic scans are easy and rapid to perform in anaesthetized animals. First reports exist on 43 its usefulness in mediastinal and pulmonary diseases in small animals and calves (Au et For the present study, twenty-six dairy goats of the Saanen breed were included. Therefore, 56 animals were all female. The goats originated from two different goat farms in the foothills of 57 the Swiss Alps. Animals were used for milk production only. From spring to fall, they were kept 58 on a mountain pasture. Additionally, they were fed hay and little concentrate. The goats were 59 dewormed regularly. Mean age of the goats was 4.0 years (SD, 1.1 years). Mean body weight 60 was 61.5 kg (SD, 10.4 kg). All goats underwent a clinical examination, echocardiography, 61 complete blood analysis, urinalysis, rumen fluid analysis and parasitological fecal examination. 62
To be included in the study, animals had to be clinically healthy and their echocardiographic 63 examination within normal limits. Serological testing for caprine arthritis and encephalitis had to 64 be negative in all animals. The study was approved by the Animal Ethics Council of the Canton 65 of Zurich. 66
Each goat was fasted for 24 hours and deprived of water for 2 hours before being sedated with 67 xylazine * (0.1 mg/kg, IV); then, anesthesia was induced with ketamine † (3 mg/kg, IV) or S-68 ketamine ‡ (1.5 mg/kg, IV) in 13 animals each and maintained with 2-2.5 % isoflurane § delivered 69 in oxygen and air through an endotracheal tube. The first 20 goats were breathing spontaneously 70 during the CT scan, while gentle mechanical hyperventilation was applied before scanning in the 71 remaining six goats to reduce respiration artifacts. All animals received IV lactated Ringer's 72 solution at a rate of 10 ml/kg/h. Heart and respiratory rate, oesophageal body temperature, direct 73 arterial blood pressure measurement via an auricular artery, flow of inhalation gases and oxygen 74 saturation measured by pulse oximetry (SpO 2 ), were monitored continuously during anaesthesia. 75
76

CT examination 77
The goats were positioned in sternal recumbency and multiple foam blocks were used to obtain a 78 perpendicular position of the thorax relative to the X-ray beam of the gantry. In the soft tissue window, the short axis of the heart was measured in the sagittal plane at the 98 level of the atrioventricular valves. Perpendicular to the short axis, the long axis of the heart was 99 measured from the ventral border of the tracheal bifurcation to the cardiac apex. The long and 100 short axis dimensions were added; the sum was transposed onto the vertebral column and 101 recorded as the number of vertebrae (vertebral heart size) beginning with the cranial edge of the 102 ** Somatom Sensation Open, Siemens AG, Medical Solutions, Erlangen, Germany † † efilm merge ™2.1, Merge Healthcare, Milwaukee, USA; OsiriX Open Source™ Version 3.2.1, OsiriX Foundation, Geneva, Switzerland 4 th thoracic vertebra. In the sagittal plane, the maximal height of the cranial and caudal vena cava 103 and the thoracic aorta was measured; further, the maximal height and length of the large caudal 104 mediastinal lymph node were also assessed. 105
In the lung window, the maximal height and width of the lumen of the trachea were measured at 106 the level of the thoracic inlet. The cross-sectional area of the lumen of the trachea was measured 107 just cranial to its bifurcation. Just caudal to the tracheal bifurcation, the inner and outer cross-108 sectional area of the right and left principal bronchus was evaluated. To assess their wall 109 thickness, the difference of outer to inner cross-sectional area was calculated. subpleural interstitial thickening or subpleural lines; 2. small (<1 cm) and large (>1 cm, <3 cm) 122 nodules, masses (> 3 cm); 3. overall increased opacity: ground-glass opacity, crazy paving, 123 calcification or consolidation, and 4. overall decreased opacity: honeycombing, lung cysts, 124 emphysema, bronchiectasis, traction bronchiectasis or mosaic perfusion. 125
To assess their overall severity and extent, lung changes involving 1-2 regions not larger than 2 126 cm 2 each were classified minimal. If 3-5 regions ≤ 2 cm 2 or a single region ≤ 10 cm 2 were/was 127 found, changes were classified mild. Moderate changes involved either 6-10 regions ≤ 2 cm 2 , 2 128 regions ≤ 10 cm 2 or up to 50% of a single lung lobe. Severe changes were defined as more than 129 10 regions ≤ 2 cm 2 , more than 2 regions ≤ 10 cm 2 or more than 50% of a single lung lobe of 130 altered lung parenchyma. 131
Immediately after the CT examination, 12 goats were euthanized and frozen for a comparative 132 atlas of CT and gross anatomy. The remaining 14 goats woke up uneventfully, and were 133 slaughtered within 3-9 days. Subsequently, the cadavers were investigated macroscopically for 134 pathological changes. Although the mean respiratory rate of 24.6 breaths/min (SD, 9.6 breaths/min) was within normal 146 limits (Smith and Sherman, 1994), a mild to moderate increased bronchial sound of the lungs 147 was auscultated in 16 goats. Associated mild spontaneous coughing or nasal discharge was found 148 ‡ ‡ StatView 5.0.1, SAS Institute Inc., Cary, NC in one and two goats, respectively. Mild to moderate anemia and hyperproteinemia was 149 diagnosed in 5 and 7 animals, respectively. On parasitological fecal examination, mixed 150 infections were diagnosed in many goats: Strongyloides (9 goats), Protostrongyloides (15 goats) 151
and Dicrocoelium dendriticum (2 goats). 152
In Table 1 and/or dorsal lung field. Additionally, minimal alveolar changes were found ventrocranial in the 173 lungs in 8 spontaneously breathing and 2 mechanically hyperventilated goats. In summary, a 174 minimal, mild or moderate interstitial pneumonia was suspected in 5, 4 and 4 goats, respectively. 175
In 2, 5 and 4 animals, a minimal, mild or moderate bronchopneumonia was found. In addition, 176 findings suggested mild pleuritis in 5 goats and minimal atelectasis in 10 animals. 177
At necropsy, lung changes were found in all animals (n=14). Macroscopically, the lung 178 parenchyma appeared focally solid in 6 goats, and in 1 of these animals both cranial lung lobes 179 were atelectatic. In 9 goats, 1-6 nodules were palpated caudodorsal in the lung. Unfortunately, 180 histopathology of the diseased lungs was not performed. In all goats with necropsy findings in 181 the lung, lung changes were also found with CT. 182
183
Discussion 184
The present study was performed to provide CT reference values for structures in the thorax of 185 clinically normal goats. Although only female goats of the same breed were used, thoracic size 186 and shape varied markedly. Further, since various measurements correlated with each other or 187 body weight, the use of size-independent ratios is highly recommended. This may also explain 188 the wide range of angle measurements between the trachea and the spine (10-25  ). In the llama, a 189 smaller angle of 10-19  was determined radiographically (Mattoon et al., 2001 ). In the studied 190 goats, the mean ratio of tracheal height to thoracic height at the thoracic inlet was rather small 191 and similar to the normal brachiocephalic dog (Harvey and Fink, 1982) . Therefore, these low 192 values should not misleadingly be interpreted as hypoplasia or tracheal collapse. The mean 193 maximal height of the thoracic aorta and caudal vena cava, the ratio of maximal height of the 194 caudal vena cava to thoracic aorta and the ratio of maximal height of the caudal vena cava to the 195 length of the thoracic vertebra at the level of the tracheal bifurcation were very similar to the 196 normal radiographic values reported in dogs (Buchanan and Bucheler, 1995) . In the investigated 197 goats, mean vertebral heart size assessed with CT was lower than in dogs (Buchanan, 2000) but 198 similar to the radiographic mean value reported in llamas (Mattoon et al., 2001) . 199
Although most goats in the present study were clinically healthy, mild to moderate increased 200 bronchial sounds were auscultated in 2/3 of the animals. The similar attenuation of blood, vessels and cardiac tissue, impeded identification of structures 247 of the heart or at the heart base in the present study. CT-angiography, e.g. the use of intravenous 248 iodinated contrast medium in combination with CT, would have markedly improved the 249 depiction of cardiac and vascular structures. The present study was conducted as a part of a 250 larger study describing computed tomography of the normal goat head, thorax and abdomen. 251
Therefore, and because of the withdrawal time, intravenous iodinated contrast medium was only 252 given once, e.g. for the study of the brain, and only in those animals euthanized for anatomy. 253
In conclusion, the present study presents CT reference values for structures of the normal caprine 254 thorax. Subclinical lung changes were also depicted and described with CT for the first time. 
